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Abstract 
The importance of the effective distribution of runoff in sewer network throughout a detention facility has recently been 
recognized. This study aims to determine the location and the capacity of detention facilities in urban sewer network. The 
optimal location and capacity of the detention facilities can be determined by numerous iterations of an optimization model. In 
this paper, an interfacing Visual Basic (VB) programming tool with a SWMM (Storm Water Management Model) DLL for 
hydraulic and hydrological computation in sewer network completes the optimization routine.  A multi-objective genetic 
algorithm (MOGA) is adopted to minimize both the total overflow and the installing cost. The developed model is applied to S 
city in South Korea. The goal in prevention performance of urban disaster is used as rainfall.  The model will help engineers 
find effective alternatives to achieve the goal of the urban disaster prevention performance.  
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1. Introduction 
Due to the current climate change, the frequency of localized torrential downpour has increased. It causes the 
increase in human casualties and property losses. To prevent these problems, installing detention facilities in the 
urban basin has been discussed. Detention facility is one of the structural measures which are very effective in 
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reducing peak discharge that reduces the damage.  However, there is not an appropriate standard in determining the 
location and the capacity of the facilities.    
Development of reservoir operation models has been reported in recent literature. Windsor (1973) employed a 
recursive linear programming procedure for the operation of flood control systems using the Muskingum method 
for channel routing and the mass balance equation for reservoir computations. Wasimi and Kitanidis (1983) 
developed an optimization model for the daily operations of a multi reservoir system during floods which 
combines linear quadratic Gaussian optimization, also a state-space mathematical model for flow forecasting. 
Unver et al. (1987) developed a management model for the real-time short-term operations of a multi reservoir 
system  on the Colorado River in Texas, which combines a rainfall-runoff routine, the U.S National Weather 
Service DWOPER flood routing package, and a graphics package.  
Lee et al. (1995) developed the regression equations to determine the size and location of detention storage 
facilities are presented. Lee et al. (2007) analyzed the runoff reduction effect depending on the location of 
detention pond. Chung et al. (2008) designed of the detention system distributed in a watershed by the Multi-
Objective Genetic Algorithms (MOGAs). Ryu and Lee (2012) developed an optimal model which would help to 
decide an adequate capacity and location according to the numbers of the facilities that need to be installed. This 
model had single objective function reducing total overflow.  
In this study, a methodology to determine the optimal location and capacity of detention facilities is presented 
considering two objective functions: maximizing the overflow and minimizing the cost. EPA’s Storm Water 
Management Model (SWMM) is used for rainfall-runoff simulation. Visual C++ programming tool is used to 
perform the optimization consecutively. The kind of detention facility used in SWMM is Off-line reservoir and the 
cost is calculated according to each capacity. The developed model is applied at S city in Korea for reviewing the 
applicability. The three rainfall of prevention performance of urban disaster is used.
2. Methodology 
The developed model has two primary interfaced components such as a rainfall runoff model to simulate 
overflow in urban basin and an optimization model to compute numerous iteration.  Genetic algorithm is applied to 
this model as the optimization technique. The EPA-SWMM (Storm water management model) is used to analyze 
hydrologic and hydraulic computation in sewer networks.
  Genetic algorithm (GA) is a search algorithm based on the mechanics of natural selection, derived from the 
theory of natural evolution. GA simulates the mechanism of the population genetics and natural rules of survival in 
pursuit of the ideas of adaptation. An efficient methodology and the computer software model are developed to 
optimize a regional detention system plan.  
The detailed process of the optimization is explained in the following: 
(1) The initial location and capacity reservoirs are set and inputted to SWMM. 
(2) Establish the parent group (initial gene sets)  
(3) Perform the hydrological and hydraulic computation for fitness evaluation by denoting each gene hydrological 
and hydraulic computation for fitness evaluation 
(4) Select N solutions based on the fitness using Roulette Wheel method and assign the ranking  
(5) Operate the crossover and the mutation for N solutions to generate children group (New gene sets) 
(6) Iterate steps 3 to 5 until the stopping criterion is satisfied. If satisfied, obtain the Pareto-optimal solutions 
 
The proposed model has two objective functions that minimize the total overflow and the cost.   
Minimize  ,
1
n
overflow i
i
V
=
∑      (1) 
Where, Voverflow , i :  volume of overflow in i node, n : total number of node 
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Minimize
1
m
j
j
C
=
∑    (2) 
Where, Cj : cost of detention facility according to capacity, m : total number of applied detention facilities 
 
Subject to min maxV V V≤ ≤  
5LocationN ≤  
There are two constraints. The capacities of detention facility range from 500m3 to 5000m3. The number of 
selecting location is below 5.
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Fig. 1. Flowchart of Optimization using MOGAs  
 
The model SWMM is a comprehensive mathematical model for simulating the urban runoff quantity in storm and 
combined sewer systems. It is an urban runoff model developed by a consortium of American engineers for the US 
Environment Protection Agency (EPA). Runoff and extern blocks of the SWMM are used to execute rainfall-
runoff analysis. The runoff block calculates runoff discharge on drainage systems, and extern block analyzes flow 
of discharge through conduit.  
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The detention facility is classified into the online reservoir and the offline reservoir. On-line reservoir has the 
process of passing downstream after runoff flow in reservoir. Off-line reservoir has the process only over the water 
level constant discharge of runoff flow into the reservoir and the rest is passed downstream. In this study, relatively 
efficient off-line reservoir is used in simulation. For modeling off-line reservoir in SWMM, the model is made by 
connecting weir and reservoir to node.The decision variable is the height of weir. If it chooses 3 locations, it opens 
just 3 weir among all candidates
The costs of installing detention facilities, including wages for workers; rent for mechanics; material charges are 
calculated by several factors. Each value of factors is based on standard of Construction estimate in South Korea 
(2012). The capacities of detention facility range 500 m3~5000 m3. Table 1.  shows the cost of installing a 
detention facility depending on capacity.  

Table 1. The cost of detention facility depending on capacity 
Capacity(m3) Cost(106US) 
500 0.849 
1,000 1.017 
1,500 1.187 
2,000 1.358 
2,500 1.528 
3,000 1.699 
3,500 1.869 
4,000 2.039 
4,500 2.210 
5,000 2.381 

The concept of ‘goal in prevention performance of urban disaster’ has been introduced in South Korea. It is a 
target rainfall, which is focused on characteristics of local economy and climate, not just using the frequency 
concept. It can evaluate the flood proofing facilities through applying just one of the standards. It is determined 
according to the rate of impervious area, inundation area, the frequency of maximum hourly rainfall, the number of 
hourly rainfall over 50mm, and the number of installed flood proofing facilities. There are three rainfalls 
depending on time plan (5year, 15year and 30year). Its objective is to prevent flood in each region when the 
rainfall is applied. Table 2 Shows the goals in prevention performance of urban disaster of the S city in South 
Korea.  
Table  2. Goal in Prevention Performance of Urban Disaster of table. 
Time term Target rainfall(mm/hr) 
After 5year 95 
After 15year  105 
After 30year 120 

3. Application 
The developed model was applied to the S city in South Korea. The total basin area is 105.03ha and has 99 
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subbasins. A network map of the S city is presented in Figure 2. Ten locations of the candidates for node are 
considered. Multi-Objective Genetic Algorithm (MOGA) is used to optimize the detention facility of the locations 
and capacity. The number of population for MOGA is 50; crossover and mutation rates are 0.7 and 0.04, 
respectively. The maximum number of iteration is set to 500.  


Fig.  2. The network of S city in South Korea 

The storm data is used the three case of goal in prevention performance of urban disaster distributed by the Huff’s 
method. The optimal location (95mm/hr) is presented in Figure 3.  The detention facilities are evenly spread across 
the basin. Through the optimal process reduction of overflow is presented in Figure 4. According to the Increasing 
iteration, appropriate combination of location is determined. Figure 4 shows the Pareto-optimal solution. Unlike 
single objective optimization, the solution to this problem is not a single point, but a family of points known as the 
Pareto-optimal set. The filled circles in Figure 4 show a set of optimal solutions (Pareto front) obtained from the 
optimization process. The decision makers could select several alternatives among these Pareto front solutions by 
considering other constraints such as project budgets and geomorphologic conditions. Table 3~5 show detailed 
results that are the optimal locations and the capacity according to the number of installation. Applying single 
detention facility has a limit in reducing the overflow. When the number of installation in detention facility is 
increased, the result has excellent reductions.  
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Fig. 3. (a)The optimal location at 95mm ; (b) The Ga process according to iteration 
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Fig. 4. Pareto-optimal Solutions of 95mm/hr  
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Table 3. The optimal location and capacity of detention facility according to the number of installation at 95mm/hr 
 
 Capacity of Detention facility(m
3)  Overflow reduction(m3) 
Total overflow 
before 
application 
(m3) 
Total cost  
(106US) 
5 
RA22-02 RA30-02 RMH677 RA01-06 RA30-08 
3,642.0 
5,007.0 
10.028 
4,500 3,500 3,000 4,500 4,000 
4 
RA22-01 RA22-02 RA01-06 RA30-08 
 
3,196.2 7.136 
2,500 2,500 4,000 4,000 
 
3 
RA01-06 RA30-16 RA30-11 
  
2,583.0 5.778 
4,000 4,000 3,000 
  
2 
RA22-01 RA01-06 
   
1,854.6 3.738 
2,500 4,500 
   
1 
RA01-06 
    
752.4 2.210 
4,500 

Table 4. The optimal location and capacity of detention facility according to the number of installation at 105mm/hr 
 Capacity of Detention facility(m
3)  Overflow reduction(m3) 
Total overflow 
before 
application 
(m3) 
Total cost  
(106US) 
5 
RA22-02 RA30-02 RMH677 RA01-06 RA30-16 
3793.8 
6,765.5 
9.687 
5,000 3,000 2,500 4,500 3,500 
4 
RA30-02  RA01-06  RA30-08 RA30-16  
3258.6 7.988 
3,500 4,500 3,000 4,500  
3 
RA01-06 RA30-16 RA30-11   
2725.8 6.119 
5,000 3,000 4,000   
2 
RA01-06  RA30-16    
1860.6 4.420 
4,500 4,500    
1 
RA30-11     
741.6 2.039 
4,000     
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Table 5. The optimal location and capacity of detention facility according to the number of installation at 120mm/hr 
 
 Capacity of Detention facility(m
3) Overflow reduction(m3) 
Total overflow 
before 
application 
(m3) 
Total cost  
(106US) 
5 
RA22-02 RA30-03 RA01-06 RA30-08 RA30-16 
3,852.0 
8,967.0 
11.051 
4,500 4,000 5,000 4,500 4,500 
4 
RA30-03 RA30-02 RA01-06 RA30-11  
2,979.0 7.988 
3,500 3,000 4,500 4,500  
3 
RA22-02 RA01-06 RA30-11   
2,202.6 6.630 
4,000 4,500 5,000   
2 
RA01-06 RA30-11    
1,529.4 4.420 
4,500 4,500    
1 
RA01-06     
838.2 1.698 
3,000     

4. Conclusion  
The importance of the effective distribution of the runoff in sewer network throughout the detention facility has 
been recently recognized. This paper has proposed optimal model to determining the location and the capacity of 
detention facilities in urban sewer network. This model will help decision makers in selection of optimal 
alternatives for reducing the overflow by effective installation of detention facilities. However, it alone is not a 
complete alternative for achieving the prevention performance goal of urban disaster. It is recommended the 
decision makers consider total measures with LID facility, increasing pervious area, changing pipe size, etc. 
together with the model proposed in this study. 
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